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ABSTRACT
10 The Protein Model Database (PMDB) is a public
resource aimed at storing manually built 3D models
of proteins. The database is designed to provide
accesstomodelspublishedinthescientificliterature,
togetherwith validating experimental data.Itisarela-
15 tional database and it currently contains .74000
models for 240 proteins. The system is accessible
at http://www.caspur.it/PMDB and allows predictors
to submit models along with related supporting evid-
ence and users to download them through a simple
20 andintuitiveinterface.Userscannavigateinthedata-
base and retrieve models referring to the same target
protein or to different regions of the same protein.
Eachmodelisassignedauniqueidentifierthatallows
interested users to directly access the data.
25 INTRODUCTION
The data deluge brought about by the genomic projects has
fostered an unprecedented level of expectation for new med-
ical, pharmacological, environmental and biotechnological
discoveries. Proteins mediate the majority of the functions
30 of an organism, and all these functions are, by and large,
determined by the proteins’ 3D structure.
Despite the progress achieved so far by structural genomics
projects (1), the exploration of the complete protein structure
space through experimental techniques such as X-ray crystal-
35 lography and NMR spectroscopy is still out of reach, because
these techniques are time and resource consuming and not
necessarily successful in all cases. Consequently the gap
between the numbers of known protein structures and
sequences is steadily increasing.
40 Natural proteins spontaneously assume a unique 3D
structure that, by and large, only depends upon the protein
sequence. The problem of understanding the rules governing
the folding process is very challenging and as yet unsolved.
However, approximate methods for inferring the structure of
45 a protein from its amino acid sequence are ﬂourishing (2).
Their results are of enormous relevance in many ﬁelds,
from medicine to biology, from biotechnology to pharmaco-
logy. Information derived from protein models has indeed
proven to be useful by itself and in combination with experi-
50 ments. Protein models have been shown to be instrumental for
the reﬁnement of experimental structures (3,4), the design of
site-directed mutants (5), the characterization of molecular
function (6) and structure-based drug design (7).
Not surprisingly, a growing number of scientiﬁc papers
55 reporting the results of modelling experiments and their
application to the design and interpretation of experiments
are appearing in the literature. Unfortunately, the models
described in these reports are rarely publicly available and,
in general, only accessible via direct interaction with the
60 authors. The difﬁculty of mining the available structural
model data leads to duplication of efforts and impairs the
possibility of numerically evaluating the correctness of the
models when the experimental structure becomes available.
The establishment of public repositories for these protein
65 3D models can partly overcome these problems. Specialized
databases, such as ModBase (8) and the SWISS-MODEL
repository (9), are already available for automatically built
protein structure models. We have developed, and describe
here, a Protein Model Database (PMDB) where manually built
70 models can be deposited and retrieved, together with their
supporting information.
DATABASE CONTENT AND WEB ACCESS
PMDB (interactively accessible at http://www.caspur.it/
PMDB) is a relational database of protein models submitted
75 by users and obtained with different structure prediction tech-
niques. The database is implemented on a Linux server (Suse
Enterprise Server 9) running Apache, and the management
system is MySQL 4.1.12. The queue management system is
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doi:10.1093/nar/gkj105written in Perl. PHP scripts and GD libraries are used
for launching applications such as Blast and for display,
respectively.
The current release contains >74000 models for 240 pro-
5 teins, the majority of which are predictions submitted to the
‘Critical Assessment of Techniques for Structure Prediction’
experiment (2). Other models include those generated by our
group (10,11) and models that we uploaded using published
alignments (12–15).
10 The database entry point is a protein target, for which one
or more structural models can be present in the database.
Available information for each target includes the protein
name, sequence and length, organism and, whenever applic-
able, links to the SwissProt sequence database (16). Several
15 models can be present for each target protein, or for different
regions of the same target protein and the user can navigate
through them using a graphical view shown in Figure 1. After
the structure of a target is solved, the database entry is also
linked to the experimental structure in the PDB (17).
20 Models can be submitted in the form of a PDB ﬁle (TS
format) or as an alignment to one or more known protein
structures (AL format). In the latter case the coordinates of
the backbone of the model are built using the AL2TS program
(http://predictioncenter.org/local/al2ts/al2ts.html).
Figure 1. PMDB overview.Information about each of the modelssatisfying the search criteria can be easilyretrieved.When a user uploadsa model,its amino acid
sequenceisautomaticallyretrievedfromitscoordinatefile.ResiduesforwhichcoordinatesarenotavailableinthePDBmodelfile,ifany,canbemanuallyinserted.
Nucleic Acids Research, 2006, Vol. 34, Database issue D307When a user submits a model for a protein, the system
veriﬁes whether the target already exists (i.e. there is already
a model forsome regions of the same protein). Ifnot, the target
is created and the model mapped to it. Unless the target is an
5 artiﬁcial or mutant protein, the target entry is linked to existing
sequence databases [at present the NCBI nr database (18)].
The predictor can provide the NCBI id of the protein (in which
case the system performs a sequence check), ask for a BLAST
search in the database to retrieve the id (if more than one entry
10 matchesthesequence, theuserisrequestedtoselectthecorrect
one), or inform the system that the target is not expected to be
present in any sequence database.
The sequence of the target is derived from the submitted
modelPDBoralignment ﬁle.Intheformercase,ifthe distance
15 between consecutive Ca is larger than expected for connected
residues, the user is asked whether he or she wants to complete
the target sequence (Figure 1). The system also reports cases
where atoms in the model are closer than the sum of their van
der Waals radii.
20 The database stores information about the author of the
model, a short description of the method used and supporting
evidence, in the form, for example, of a multiple sequence
alignment. Submitters are also asked to assign a reliability
value to their model(s) and a literature reference that can
25 also be provided at a later stage. Models can be kept on
hold upon request and made available to the general users
after at most 6 months from deposition.
At the end of the submission procedure, the model is
assigned a unique identiﬁer.
30 The user interface allows the model(s) to be searched by
protein or organism name, protein accession number (in the nr
database), author, PMDB model identiﬁer, model type (i.e. a
complete coordinate set indicated by TS or an alignment to a
known structure indicated by AL). It is also possible to per-
35 form sequence similarity searches via BLAST (19). Search
results are displayed in the form of a table, listing the records
satisfying all selected criteria (Figure 1). Each row refers to a
target sequence and related models, along with summary
information. Every model that is not on hold can be down-
40 loaded or displayed through the 3D visualization program
RASMOL (20).
FUTURE DEVELOPMENTS
Immediate future plans for the database include the possibility
of using UNIPROT identiﬁers (21) for the protein targets and
45 to perform more sophisticated searches.
We also plan to add provisions for evaluating the models,
other than the simple stereochemical checks performed at
present, using tools such as WHATCHECK (22), Verify3D
(23)andPROSA(24)aswellastoolstoautomaticallyevaluate
50 the quality of models of proteins the structure of which is
subsequently solved (25). This will permit, in the future, to
analyse the correlation between the actual quality of the mod-
els with the reliability values assigned by the authors and with
those estimated by automatic veriﬁcation tools.
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